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XXII.--Remarks on Pro$ Abbe’s ‘Note on the proper Dejiwitiou 
of the Ainplij’ying Power of a Lens or Lens-system.’ * 

By E. GILTAY, Ph.D., Teacher of Botany at  the State Agri- 
cultural School at Wageningen (Netherlands).? 

BEFORE dealing with the more immediate subject of this paper, I 
beg to reproduce in translation a portion of my recently issued book 
‘Introduction to the study of the Microscope,’$ which deals with 
the meaning to be attached to the expression “ linear amplification,” 
and with the manner in which its value is to be ascertained. 

“If a person is seen working with a Microscope, tlie first 
question asked him is, very often, ‘How many times does that 
instrument magnify ? ’ However simple this question may appear, 
it is not in fact so very easy to obtain a good idea of the meaning 
to be attached to the answer that should be given. 

Let us simplify the matter by taking an object of very little 
complexity, namely, a line at right angles to the axis of the optical 
system. 

It is easily seen that if an image of this line is formed by a lens or 
by a lens-system, it is impossible to say how many times the image 
will be larger or smaller than the object, ;f no more be givem. For, 
according to well-known formuls, the proportion between image 
and object is not only dependent upon the optical system, but also 
upon the distance at which the object is placed or at which the 
image is formed. But if the optical system is used as a Microscope, 
are not then those distances determined ? Properly considered, no 
more so than in the former case ; at the utmost they are limited, 
for the image must of course fall at  such a distance, that the eye 
may be able to accommodate for it. But still in this case the 
distances may be very different. Let us consider for instance an 
emmetropic or normal-sighted eye with a normal power of accommo- 
dation ;§ here it might appear that to every lens-system any power 

might be attributed. For, using the equation A = 1 - $ (A = 
amplification, ,B = distance of the image, I+ = food distance of the 
system), it is a t  once clear that A will be arbitrarily large, if only 
,k? is large enough, i. e. if only the observing eye accommodates for a 
long enough distance. Hence it might appear useful, when using a 

(Kead 11th IVovember, lSS5.) 

* See this Journal, iv, (1884) p. 348. 
t T h e  original paper is wyitten by Dr. Giltay in English. 
1 ‘ Inleiding tot het gebruik van den Microscoop, door Dr. E. Giltay,’ Leiclen, 

E. J. Brill, 1885, Q 44, pp. 76-80. 
I. e. an eye which, when not accommodating, unites on its retina. pardlel 

iucident rays (and theiefoie can we at  a long distance), and which, if strongly 
accon~modating, can see at a fcw inches distance. 
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magnifying glass or a Nicroscope, not to accommodate at all. We 
must, however, take into consideration, that the image, as it enlarges, 

n 
P 
&’ is at the same time formed a t  a larger distance ; if in A = 1 - 

@ has once acquired such a high value that 1 may be neglected, 
rf, 
T 
then A increases even in the same ratio as /3, And if an image, 
which I observe grows twice as large, I shall see no more detail if 
at  the same time the image is formed at twice the distance, for then 
the image on the retina, and the number of nerve-ends which are 
used for its examination, remain the same. 

We clearly see from thk, that all depends on the dimensions of 
the retinal images ; the dimensions of the image formed by eye + 
magnifying glass will have to be compared with those of the image 
formed by the eye alone. But where must then the object and the 
virtual image formed by the lens-system be placed in order that 
retinal images shall be obtained that are fit for the determination 
of amplifying power ? 

The determination of the amplifying power of an optical 
instrument is of course chiefly useful for the comparison of the 
value of such an instrument when used with the eye, with the value 
of the eye alone. To make this comparison correct, the eye, and 
eye + optical instrument, should be compared as much as possible 
under analogous circumstances, which for instance might be realized 
by comparing them while working as favourably as possible, i. e. 
giving the largest possible images on the retina. As to seeing by 
the eys alone, it would be sufficient to bring the object as near as 
possible to the eye, and then to divide the dimensions of the largest 
image that might be obtained while using the instrument, by the 
dimensions of the retinal image. This would be a very good mode 
of determining the absolute value of an amplifying instrument 
for a single person. But the position of the nearest point which 
can be accommodated for, differs very much with the person ; and 
the distance for which during a long time one can easily ac- 
commodate, will also be subject to much variation. Moreover, the 
meaning of determining the amplifying power is not so much to 
know the absolute value of a Microscope for a particular per- 
son, as to find an expression which is appropriate for the com- 
parison of Microscopes in general, and which at  the same time 
gives a direct notion of the power of enlarging the images on 
the retina for the eye irz general; for a simple comparison of the 
power of microscope-systems their focal distances would suffice. In 
order to satisfy both conditions, it  has been agreed to place the 
object at a distance conventionally fixed, a distance which is not 
too great for the retinal images to be near their maximum dimensions, 
and which is yet large enough for the great majority of eyes to 
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remain accommodated for it during rather a long time. This 
distance has been chosen as 10 in. (25 em.), and it is generally 
called the ‘distance of distinct vision.’ This term often gives rise 
to erroneous notions, and was not chosen very happily ; for at  every 
distance, for which an eye can accommodate, it sees equally dis- 
tinctly. The term may, therefore, be regarded as an abbreviation 
for the shortest distance (suitable for the discrimination of minute 
details) for which a normal eye can accommodate for a consider- 
able length of time, and which has been chosen arbitrarily fo r  
the comparison of  amplijkation. But what distance must then be 
given to the virtual image formed by the optical system? From 

P the formula A = 1 - - it  is clear that if 9 is small in comparison 
9 

with p, A may be taken as proportional to p. When the virtual 
image enlarges in the same ratio as the distance at which it is 
formed, then the image on the retina of the eye, by which it is re- 
garded, may be considered as remaining the same. Therefore 
what distance is given to the virtual image might be quite in- 
different. I t  is only from a practical point of view that it is also 
placed at 10 in. from the eye, for then the number representing 
the value of the linear amplification is not only represented 
by the ratio of the two retinal images, but also by the ratio 
of the virtual image and of the object itself, which is of great 
importance in the practical determination. That this is really 
the case may be easily deduced from fig. 222. C is the cornea, 

R the retina, A k a the axis of the observing eye ; A B represents 
the dimensions of the object, AB’ the dimensions of the virtual 
image when this lies in A, Alc being supposed to be the 
distance of distinct vision; a b indicates the dimensions of the 
retinal image of the object, when seen by the eye only, ab‘ when 
seen througli the optical instrument which forms the virtual image 
A B’. If we now unite B and b, B’ and b’, it may be shown 
that these two lines cross the axis at very nearly the same point, 

a b‘ A B‘ ,, 
say ZG. And now we have - = - - a b  AJ3 

* In the last part the translation slightly differs from the original, which ma8 
necessary on account of the fact that the original made use of laws which were 
explained in R, previous chapter. 



Remarks on Prof. Abbe’s Note, dc. 963 

The linear amplification as it is here defined is exclusively a 
measure for the amplifying power of the system; and the com- 
parison of the different linear amplification values of different 
systems gives a direct comparison between the value of the different 
systems with regard to their power of enlarging the images on the 
retina. 

My definition of the “linear amplification” is not new; it is 
in complete accordance with the meaning which is commonly 
attached to the term ; I only tried to treat the subject more amply 
than is generally the case in physical or Microscopical text-books, 
and to give a fuller account ofthe meaning that must be attached, 
according to my opinion, to the ‘‘ distance of distinct vision ” than 
has hitherto been done as far as I know of.’ 

Very often false notions have been attached to the amplification 
values of optical systems. I do not believe, however, that these 
false notions originated in any unfitness of the usual definition of 
amplification, but I think that the chief cause lay in the awkward 
ideas which are still too commonly found on even the simplest facts 
of theoretical microscopy. 

These erroneous ideas with regard to the meaning of “ linear 
amplification ” are chiefly the following :- 

1. The ‘‘ linear amplification ” is taken as identical with the 
actual ampli$catiorz that the virtual image, which is observed 
when using the instrument, undergoes in each particular case, 

2. These two kinds of amplification, the properly so-called 
linear and the actual amplification for a particular case, are again 
confused with the amplification which the image, which the 
observer “ sees ” before him, has undergone, and which is of a 
purely subjective nature. 

Both points still need perhaps some expIanation. 
1. When any object is observed through an optical system, as 

for instance a Microscope, this instrument so alters the course of 
the rays emanating from the different points of the object, that 
an enlarged image is substituted for the latter. The place of this 
(virtual) image depends upon the relative position of the optical 
system and the object, and the latter is so regulated by the ob- 
server that the image in question falls at a distance which is in 
accordance with the refractive condition of the eye, in order that 
a well-defined image may be formed on the retina. As the refrac- 
tive conditions of different eyes vary very much, the distance of the 
image is also very different ; it may be a few inches, and it may be 
several yards. And as the quotient of the diameter of that image 

* I must here add that the reasoning which I used to explain the term 
“distance of distinct vision,” was not followed in the same way (as far as I know, 
at least) when the term was first brought into use. I only used the above line of 
argunient because it seemed to me the fittest way to make the matter quite clear. 

By Dr. E. Qiltay. 
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and of the object itself produces what I called the (‘actual ampli- 
fication,” this amplification is necessarily no fixed number for any 
given system, but varies with the distance of the image and 
depends upon the conditions of the observing eye. 

The case is quite different with the “linear amplification.” 
This value is constant for any given optical system and inde- 
pendent of the actual amplification in a particular case. That in 
general the (‘ linear” and the “actual ” amplification do not coincide 
is of no consequence whatever, for a change in the position of the 
virtual image formed by the instrument does not produce any real 
change for the observer’s eye ; for the image varies very nearly in 
the same proportion as the distance at which it is formed, so that 
(at least very nearly again) the diameter of the retinal image may 
be regarded as remaining the same. 

2. Our idea of the diameter of objects with which we are not 
acquainted by experience, the diameter in which we ‘( see ” them, 
depends upon the dimensions of the image on the retina, and on 
the distance at  which we estimate the object in question to be 
placed. 

Now the idea is somewhat frequently met with that the linear 
amplification is in accordance with the dimensions in which we 
(‘ see ” the image, whilst these again are regarded as agreeing with 
the actual amplification. 

It is not necessary to explain any further that these factors 
are quite independent of one another. The linear amplification 
will only agree with the subjective dimensions of the image, if 
we “see ” the object at a distance for which the linear amplifica- 
tion is determined j whilst concordance with the actual amplification 
will only exist, if the virtual image lies exactly at the distance a t  
which it is seen, which in microscopy will not very often be the case. 
For the image is seen in general at  about the distance at which we 
know the object to be placed, independent of the refractive con- 
ditions of the eye, whereas its real place entirely depends upon the 
latter. 

Prof. Abbe, in the above-named article, calls the generally 
adopted notion of (‘ linear amplification at  a certain distance ” a 
“very awkward and irrational way of defining the amplifying 
power of a lens or a lens-system,’’ and wishes to change it for 
another one. Accordingly he defines the amplifying power as the 
tangent of the visual angle, under which the unit of length is 
shown through the optical system. 

As far as I can see, however, there is no great advantage in 
this way of defining the ‘‘ power ” in question, or rather, I think, 
the old way is preferable. 

First, I must point out that according to my view the definition 



of Prof. Abbe does not essentially differ froin the older one. 
is clear that (fig. 223) : 

For it 

B (: 
tan u’ = -- C L F  

substituting this in the eqiiation of Prof. Abbe : 

we get 

0 r, 

B C  
h Now, -- is nothing else than the actual amplification of the 

object of the length E F = h, placed at E ; if, therefore, C D = the 

FIG. 223. 

usual distance for which the ‘I linear amplification ” is determined, 
then __ is the ‘( linear amplification” itself. And as in this 

case CD is a constant value, say C, we get, 

B C  
h 

1 B C  
- = c x f 7  h 

wherefrom it is directly concluded, that the amplification numbers 

of Prof. Abbe (expressed by -) and those obtained by the old mode 

(by y )  are in a eoizstant relation. If, therefore, Prof. Abbe 

1 

f 

Ser. 2.-Vor,. V. 3 R  
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says that his expression is ‘‘ the rational expression of the magnifi- 
cation or ‘ power ’ of an optical system, because every observer will 
see every object enlarged through different systems in the exact 
proportion of the value of that quotient,” it must be remarked 
that exactly the same service is done by the amplification numbers 
determined by the old method. 

But I cannot see either that the form in which Prof. Abbe 
uishes to define the notion of “linear amplification” is dis- 
tinguished advantageously from the commonly adopted way of 
defining that notion. At first sight it might appear that Prof. 
Abbe’s definition is free from such an arbitrary factor as the value 
chosen for the distance of distinct vision, for which the “linear 
amplification ” is defermined ; in reality this is not the case. For 

the numerical value of the ratio --= - depends, of course, 

upon the value of the unit which is chosen, The value of - is 

different i f f  is expressed in millimetres, than if .f is expressed in 
centimetres, or in inches. In  fact it is clear that the angle under 
which the unit of length is seen depends upon the dimensions of 
that unit. With any change in the choice of the unit, the numbers 
which indicate the amplifying power will therefore vary. The 
values, however, which are obtained for different systems, will always 
be in the same relation, independent of the exact value of the unit. 

But does, in reality, such a difference exist between this and 
the old mode of determining the amplification, in which the numbers 
depend upon the value which is chosen for the “ distance of distinct 
vision,” whilst the amplification numbers of different systems are 
always in the same ratio, independent of the exact value of that 
distance ? 

Both methods, I think, are in so far identical, as they give for 
different systems numbers which represent the ratio of the dimen- 
sions of images on the retina, which are obtained when one and the 
same object is seen through these systems. 

Yet it appears to me there is a practical difference between 
them. 

Prof. Abbe himself has little hope that his expression for 
amplifying power will be generally adopted, as it will seem “too 
abstract.” 

The old method suggests to the mind to a certain extent a 
direct idea of the practical value of the lens-system. If I know, 
for instance, that the linear amplification of a system is 600, I can 
immediately recognize the effect of the system, if I consider that an 
object of 1 0  will be seen at 25 em. as of the length of 6 mm. 
But I think the idea is at first sight Iess clear, if I only know that 

tan U, 1 

1 
h f  

f 

In fact I think it is too abstract. 
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an object of 1 mm. will appear under a visual angle whose tangent 
is 2.4.  

I hare had the opportunity of observing in another way that 
the expression of Prof. Abbe is not so well adapted to give a 
practical idea of the power of lenses. 

For some time I have been accustomed to distinguish lenses in 
the way proposed by Prof. Abbe. In ophthalmology, lenses are, a t  
least on the Continent, somewhat generally denominated by a 
decimal fraction, equal to a vulgar fraction whose numerator is 1 
and whose denominator is the focal distance expressed in metres. 
It is not difficult to see that this manner of denoting lenses 
exactly coincides with Prof. Abbe’s way of expressing the power of 

optical systems (for tan u‘ = 
Although this denomination is very convenient for finding, by 

the simple addition or subtraction of two lens-numbers, the value of 
the lens, which is equivalent to the added or subtracted action of 
the component lenses ; and although, therefore, this method is in 
ophthalmology very practical, yet I never could see that the num- 
bers of spectaele-glasses give so good an idea of the lenses in 
themselves as the amplification numbers, or even as the values of 
the focal distances. Perhaps this is a subjective peculiarity of 
mine, but in that case my other remarks remain unaltered. I think, 
therefore, that if we have to choose between the old and the new 
mode of expressing power, we may give the preference to the 
former, if only the proper ideas which can be attached to its 
meaning are actually attached to it. 

Abbe, 1. c.). 7’ 

3 R 2  


